The purpose of the study was to determine whether low-high fidelity medical simulation improves learning and long-lasting retention of pharmacology knowledge, compared to lecture alone, in undergraduate medical students. Ninety students, before a 45-minute lecture, were randomized into three groups -sham (S), low (LF), and high fidelity (HF) simulation -to participate in an interactive simulation session. To evaluate immediate and long-lasting retention, a 20-item structured questionnaire on inotropic agents was administered to 90 students before and after a 45-minute lecture, after simulation, and 3 months later. In all groups, the rate of correct answers increased after lecture, while no difference was observed between different groups (P = 0.543). After simulation, students in the HF group provided more correct answers compared to S or LF group (P > 0.001).
| INTRODUCTION
Traditional lectures in pharmacology for medical students are nowadays a matter of debate. 1 The study and comprehension of pharmacological properties of the active principles of drugs will determine their correct use in daily practice. Indeed, the acquisition of theoretical knowledge is commonly promoted by lectures. Lectures, in fact, provide "information" useful to answer "who," "what," "where," and "when" questions. However, "knowledge" needs the implementation of information that allows one to answer the "how" questions.
Moreover, "understanding" is an essential crossing-point, ie, comprehension of "why" we act. Finally, the ability to evaluate understanding in different contexts refers to "wisdom," that allows us to make choices considering most of the possible variables. 2 In this context, lectures represent the cultural background for the future physician. However, medical students need to acquire information on pharmacodynamics, pharmacokinetic, and toxicological issues, but they also need the appropriate clinical reasoning skills for long-term retention of the "knowledge" regarding drug action, kinetics, and safety. The aim was to teach how to manage the complex interplay between patient condition, evaluated by vital signs and physical assessment, and drug efficacy and safety. Therefore, undergraduate medical students should combine basic pharmacological knowledge with the acquisition of clinical skills to improve the quality of care in daily clinical practice. [1] [2] [3] To reach this target, an educational program that integrates the learning of pharmacology with clinical simulation of technical skills must also be effective and should be appropriately allocated during the 6-year course in medicine, leading to the improvement inpharmacology knowledge, skills and aptitude of medical students. 4 In this context, medical simulation represents an efficacious educational tool for medical students' training, boosting patient-centered medical learning, and improving aptitude and knowledge. [4] [5] [6] [7] [8] [9] [10] In the education of undergraduate medical students, simulation appears to be valid, facilitates the acquisition of clinical reasoning skills, and minimizes clinical risk for the patient. 11, 12 In fact, simulation offers a relatively realistic setting where medical students can familiarize themselves with standardized clinical scenarios, and may repeatedly perform practice procedures without any risk for patients.
Learning based on simulation, in particular the use of high-fidelity mannequins to enhance medical training, has gained an important role in the last decade in the teaching of several disciplines in medicine leading to error reduction and improved safety, as well as in other health professions such as pharmacy and nursing. [12] [13] [14] [15] [16] [17] Medical simulation favors the acquisition of critical thinking, problem solving, and teamwork skills in medical students. 18 It allows the reproduction of several disease states 11 and offers the opportunity to operate with safety, bridging the gap between theory and practice. 19 Fidelity in simulation has traditionally been defined as "the degree to which the simulator replicates reality". Using this definition, low fidelity has been defined as simulations that are static and lack realism. Examples of low fidelity would be what are referred to as "task trainers" technology such as a prosthetic arm that can be used to learn how to administer intramuscular injections or take blood pressure readings. 20 High fidelity simulation includes computerized mannequins that are operated by a technician from another location to produce audible sounds and to alter and manage physiological changes within the mannequins such as altering the heart rate, respiration, chest sounds, and saturation of oxygen, for example. 21 There are few published data on the application of the simulation method to the pharmacology discipline in medical school, nor comparative data with traditional teaching. [22] [23] [24] [25] High fidelity simulators are now being used with increasing frequency in the pharmacological training of medical students as they enable students to develop and refine medical competency in a nonthreatening, safe environment. Therefore, high fidelity patient simulators might be a valuable tool in helping to improve pharmacology knowledge in medical students. 26 In light of these observations, we investigated whether low and high fidelity medical simulation might be more effective than traditional lectures in inducing effective learning and long-lasting retention of pharmacology knowledge in undergraduate medical students.
| MATERIALS AND METHODS

| Study design, study population, and exposure definition
A parallel group, randomized study was used in this research. The study population consisted of fifth year students of the medical school of the University of Messina, attending the mandatory course "Pharmacology, Toxicology and Evidence -Based Medicine". During the course, students were invited to attend a seminar on "Positive Inotropic Drugs." They were unaware of the lecture topic and had not been previously exposed to it in their medical school curriculum.
Before starting the lecture, students were asked to participate voluntarily in the study.
From a total of 225 students, 90 students accepted to participate in the study and underwent a 45-minute traditional lecture on inotropic agents. At the end of the lecture, students were randomized into three groups: sham simulation (Sham), low-fidelity simulation (LF), and high-fidelity simulation (HF) and underwent a 45-minute interactive simulation training in an operating room scenario. Sham students were exposed to a basic life support (BLS)
retraining scenario with a full-body Resusci Anne unit (Laerdal), during which no reference to medications was made. LF and HF students were exposed to a cardiogenic shock scenario during which they were asked to identify, diagnose, and suggest pharmacological therapy. Three different simulators were used: a task trainer for the Sham group, an adult, full-body basic simulation training unit (Laerdal) for the LF group, and a high-fidelity adult, full-body ALS Simulator with wireless SimPad System (Laerdal) for the HF group.
Student learning on inotropic drugs was evaluated at basal time, after lecture, after simulation, and 90 days following the simulation.
| Learning evaluation
To assess effective learning and long-lasting retention, a 20 multiplechoice-question questionnaire on positive inotropic drugs was administered at several time intervals: at baseline, after lecture, immediately after simulation (either Sham or LF or HF) and 3 months after simulation to obtain information on long-lasting retention, as previously suggested. 27 ,28 A 20-minute period was allowed to complete the questionnaire.
To minimize biases due to consultation of other sources of learning, students involved in the study were briefed about the test only 10 minutes before administering the questionnaire. Moreover, the order of the same 20 questions was randomly assigned for each questionnaire, on each test. Students were blinded on how they performed on the previously administered tests.
The scores obtained in the four evaluation sessions were recorded and evaluated. The score was estimated assuming 1 for each correct and 0 for each wrong answer. The total score was calculated, for each student, as the sum of correct answers.
All results were expressed as median with inter quartile range for continuous variables, absolute and percentage frequencies for categorical variables. Between-groups at each time point and withingroup comparisons were performed.
The result scored by a larger population of students attending the course of Pharmacology in the previous year was 12 + 4 correct answers. Consequently, we assumed a mean of 12 ± 4 correct answers after lecture in all groups of student and an increase of correct answers of 25% in students exposed to HF simulation compared to the Sham group. The minimum number needed to detect an 80%
power with an α of 0.05, and a β error of 0.20 was 28 per group.
Therefore, 30 students in each arm were considered to be an adequate number of study subjects.
| Questionnaire content
A 20 multiple-choice-question test on inotropic agents was used. A panel of experts composed of six faculty members reviewed the questionnaire content for accuracy and provided appropriate modifications to ensure validity of the poll. Experts included pharmacologists, anesthesiologists, and cardiologists with wide prior experience in using inotropic agents. Moreover, a statistician and education and simulation specialists were involved.
| Ethical considerations
Participation was voluntary, anonymous, and independent. Confidentiality of information was ensured; informed consent was obtained and no financial incentive to participate in the study was offered.
Since all data were de-identified and reported in aggregate, the local Ethics Committee deemed the study exempt from institutional review approval.
| Statistical analysis
Descriptive statistical analyses were performed to evaluate the characteristics of students at basal time.
The Kolmogorov-Smirnov test for normality was performed to evaluate normal distribution of numerical variables. Due to non-normal distribution of some numerical variables and low sample size, which did not guarantee valid asymptotic results, a nonparametric approach was used.
To verify the efficacy of different interventions, differences among groups were evaluated. The Chi-squared test and the Kruskal-Wallis test for independent samples were applied to compare the exposition groups (Sham, LF, and HF) according to the characteristics of subjects, and the numerical score obtained from the test at the different time points (basal, after lecture, after simulation, and 90 days later). The Mann-Whitney U test corrected by Bonferroni procedure was performed to realize the two-by-two comparisons of exposition groups for only covariates which were significant at the Kruskal-Wallis test.
The Mann-Whitney U test was also applied to assess the existence of significant differences between males and females with ref-
erence to the number of correct answers in each group, at all time points of observation.
To verify the learning curve in each group, differences in score during the study as paired measurements were evaluated. Differences between paired measurements in each group were tested by the Wilcoxon signed-rank test. A two-tailed P-value set at 0.05 was considered to be statistically significant. Statistical analyses were performed using SPSS 20.0 software for the Windows package.
| RESULTS
Students' demographics and number of correct answers at the different time points are summarized in Table 1 No difference in age (P = 0.821) and sex (P = 0.956) was observed among groups (Table 1 ).
The number of correct answers to questionnaire, at basal time, was similar among the experimental student groups (Table 1) . Correct answers significantly increased after lecture, from 9 to 12 (P < 0.01), 9 to 13 (P < 0.01), and 9 to 12 (P < 0.01), in Sham, LF, and HF groups, respectively ( Figure 1 ). However, no significant difference was observed in the performing scores among the different groups (P = 0.543; Figure 2B ).
No differences were observed after the simulation in Sham (P = 0.494) and LF (P = 0.259) exposed students. On the ARCORACI ET AL.
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contrary, HF simulation significantly increased the number of students' correct answers (P < 0.001; Figure 1 ). Moreover, after simulation, a significant difference was observed among groups (P < 0.001; Table 1 ). In particular, the number of correct answers was significantly higher in the HF group compared to both Sham (P < 0.001) and LF (P < 0.001) groups, while no differences were observed between the Sham and LF groups (P = 0.272; Figure 2C ).
The number of correct answers 90 days after the simulation significantly decreased in Sham (P < 0.001) and LF (P < 0.001) groups, while a lower but not significant decrease was observed in the HF group (P = 0.066; Figure 1 ).
Moreover, after 3 months, medical students who had undergone HF simulation gave a higher number of right answers (P < 0.001) than the others. Conversely, no differences were observed between Sham and LF exposed groups (P = 0.453; Figure 2D ).
No differences were observed in the median number of correct answers corrected by sex and age, in each group, at all observation times.
| DISCUSSION
The current study investigated whether low-and high-fidelity medical simulation are more effective than traditional lectures in inducing effective learning and long-lasting retention of pharmacology knowledge in undergraduate medical students.
Our study suggests that lectures induced a marked improvement in knowledge regarding inotropic drugs (the topic of the lecture).
Indeed, a marked increase in the number of correct answers was observed in the postlecture test compared to baseline. This result confirms the value of lectures in inducing theoretical knowledge of pharmacology in undergraduate medical students. Previously published data suggest positive effects of education with high-fidelity simulation in both medical and nursing students, as well as postgraduate students and residents. 28, 29 In agreement with these findings, in our study, students exposed to high-fidelity simulation significantly increased the number of correct answers to the questionnaire compared to the lecture. Surprisingly, low-fidelity simulation, similar to Sham simulation, was unable to improve the effective learning of theoretical pharmacology knowledge. These results suggest that, at least when pharmacology knowledge needs to be integrated with a clinical practice intervention, a low fidelity scenario is insufficient to create significant improvement in learning.
Knowledge acquisition and maintenance are important. Several findings highlight that after a 3-month period, in absence of reminders, the risk of knowledge and skill loss is consistent. 29, 30 Accordingly, the number of correct answers decreased at 90 days in Sham and LF groups. By contrast, the number of positive answers, though reduced, was not significantly decreased in the HF simulation exposed students. This highlights that HF simulation is better than lecture alone or lecture plus low-fidelity simulation in inducing long- term retention of pharmacological knowledge, while the use of lowfidelity simulation is inadequate.
We also investigated several factors that may predict correct answers to the questionnaire. We found that HF simulation is strongly associated with the final end-point of the study, independently from other variables, such as age or sex.
Some limitations in our study should also be taken into account.
It could be argued that the higher score observed in the HF simulation group might be due to the previous curriculum: in particular, difference in the scores of previous exams might have influenced the final results and concur to determine a better performance. Indeed, this issue was not evaluated for privacy reasons, therefore generating a potential bias. However, no significant difference in the number of right answers among the groups was observed at either baseline or after lecture, thus confirming that medical students had the same degree of pharmacology knowledge, and ruling out the hypothesis that differences in previous performances might have influenced the results of the questionnaire.
The repetition of the same questions in the tests between sessions represents the correct methodological approach to analyze the efficacy of exposure. However, it is possible that, after the first test, some students may have discussed the questions/answers, resulting in the increase in correct test answers at the second test. Nevertheless, differences among groups were shown after the simulation and long-term retention assessment and are unlikely that a differential bias was generated. In addition, although the structured questionnaire was internally validated based on consensus of the experts, it was never tested for reliability. We do not know if a longer timeframe of more than 90 days, in the absence of reminders, could reduce the effectiveness of high fidelity simulation.
We did not evaluate costs for the simulation. As a consequence, we did not establish the cost benefit relationship in using high-fidelity versus low-fidelity versus lecture. However, faculty number and time was similar in high and low fidelity simulation.
In conclusion, in the learning environment considered, and with possible limitations related to the physical locations, contexts, and F I G U R E 2 Correct answers reported (median plus interquartile range): between-groups comparison at basal (A), after lecture (B), after simulation (C), 90 days thereafter (D). Mann-Whitney U test for independent samples: between-groups comparison cultures in which students learn, the association of high fidelity simulation scenarios to traditional pharmacology education programs promote more effective pharmacology learning retention than the traditional lecture alone. These results are in accordance with the developing international literature supporting the use of simulation in the pharmacology education of undergraduate students. [31] [32] [33] However, while our results support the use of high-fidelity simulation, lowfidelity simulation does not significantly improve student retention.
More extensive research is needed to look at long-term effects of simulation interventions regarding retention of knowledge and acquired skills.
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